Abstract: New synthetic approach to (E)-2-aryl/hetarylvinyl-4-phenyl-quinoline-3-carboxylic acids was developed, featuring three different synthetic transformations, namely the Arbuzov reaction, in situ Horner-Emmons olefination and subsequent ester hydrolysis occurring as a one-pot procedure. The molecular structures of newly synthesized products were confirmed by spectral data and elemental analysis.
Introduction
2-Styrylquinolines have received considerable interest from the medicinal community because of their welldocumented biological properties such as antiproliferative activity on tumor cell lines [1] , antimicrobial [2] and HIV integrase inhibitory activity [3] . Some carboxylate substituted derivatives of such molecules have been reported recently, and their biological and pharmacological properties look promising [4, 5] . For example, 2-styrylquinoline-8-carboxylic acids are active against the P388 leukemia cell line [6] . Similarly, it has been reported that 8-hydroxy-2-styrylquinoline-7-carboxylic acid derivatives exhibit potent inhibitory activity against Pim-1 kinase [7] . As a consequence, interest in the synthesis of new families of carboxylate-substituted 2-styrylquinolines continues unabated to expand the structure diversity for current medicinal chemistry needs [8] . In this regard, an impressive report [9] has described an efficient one-pot procedure for the synthesis of ethyl (E)-4-phenyl-2-styrylquinoline-3-carboxylate derivatives using 1-methylimidazolium trifluoroacetate ([Hmim]TFA) as a Brønsted acidic ionic liquid as shown in Scheme 1A. Even though ionic liquids offer some advantages, the tedious preparation of ionic liquids and their environmental safety are still debated. We hereby report our own results for building the (E)-2-aryl/hetarylvinyl-4-phenly-quinoline-3-carboxylic acids through a simple and efficient three-step one-pot reaction procedure involving Arbuzov reaction of ethyl 2-(chloromethyl)-4-phenylquinoline-3-carboxylate with some aromatic or heteroaromatic aldehydes followed by in situ Horner-Emmons olefination and subsequent ethyl ester hydrolysis reaction as outlined in Scheme 1B.
Results and discussion
The most widely used approaches to the synthesis of 2-styrylquinoline derivatives are mainly based on the Perkin-type condensation reaction of 2-methylquinolines with aldehydes in refluxing acetic anhydride, followed by hydrolysis in a pyridine water mixture [7, 10, 11] . An attempt was made by us to follow the usual methodology using the corresponding ethyl 4-phenyl-2-methylquinoline-3-carboxylate [12, 13] as the substrate for the synthesis of (E)-2-arylvinyl-4-phenylquinoline-3-carboxylic acids. However, the purported approach was ineffective in our hands, and the reaction did not proceed satisfactorily, giving poor yields of highly impure products. Moreover, the protocol described for this reaction was plagued by constraints like harsh reaction conditions, long reaction times and the use of a large excess of aldehydes. Therefore, the development of a simple synthesis of the target compounds is very appealing.
In the past few years, our research group has gained substantial ability in the application of ethyl 2-(halomethyl)quinoline-3-carboxylates as the valuable building blocks to reveal the synthetic potential of the platforms in accessing important quinoline scaffold derivatives [14] [15] [16] [17] [18] [19] [20] . Building on this evolving expertise and extending the applications of our previously described methodology to new substrates, we herein embarked on a facile and efficient three-step one-pot synthetic route to a variety of (E)-2-aryl/hetarylvinyl-4-phenylquinoline-3-carboxylic acids 3a-p from readily available ethyl 2-(chloromethyl)-4-phenylquinoline-3-carboxylate (1) and various aromatic or heteroaromatic aldehydes 2a-p as shown in Scheme 2.
The substrate 1, which was readily obtained according to our previously described method [16] , was first subjected to the Arbuzov reaction with triethyl phosphate at 160°C. After the complete conversion of the starting materials into the intermediate A, the excess triethyl phosphate was removed under reduced pressure. Subsequently, 1.1 equivalents of an aromatic or heteroaromatic aldehyde 2 in N,N-dimethyl formamide (DMF) and 1.1 equivalents of NaH were added to the residue and the mixture was heated to 90°C. Under these reaction conditions, an efficient Horner-Emmons olefination reaction occurred, forming the olefination intermediate B.
It is important to mention that the use of NaH as the base is critical for this reaction because other bases such as NaOH, K 2 CO 3 , Et 3 N, EtONa, t-BuOK are inferior to NaH. As the generated species B does not interfere with further ester hydrolysis reaction, purification at this stage is not necessary. A simple workup includes treatment of the mixture with 5% aqueous NaOH solution followed by reflux for 2 h and then acidification with 1 m hydrochloric acid. The 2-arylvinylquinoline-3-carboxylic acids 3a-p are obtained in yields in the range of 61-82%.
To the best of our knowledge, all compounds 3a-p have not been previously reported and the proposed structures are in full agreement with the analytical and spectroscopic data. The electronic nature and substitution at various positions of the aromatic aldehydes appear to have little impact on the reaction outcome, neither in product yield nor in reaction rate. Substituents such as Cl, Br and CN are tolerated under the reaction conditions, which could be used for further derivatizations.
Conclusions
A facile and efficient three-step one-pot procedure for the preparation of (E)-4-phenyl-2-styrylquinoline-3-carboxylic acid derivatives is described. Readily available starting materials, mild reaction conditions, experimental simplicity and satisfactory yields contribute to the usefulness of this method.
Experimental
The chemicals used in this work were obtained from Fluka and used without purification. Melting points (uncorrected) were determined by using a WRS-1B melting point apparatus. Infrared spectra were recorded on a Varian Scimitar 2000 series instrument using KBr pellets. The 1 H (400 MHz) and 13 C (100 MHz) nuclear magnetic resonance (NMR) spectra were recorded on an Agilent 400-MR spectrometer using DMSO-d 6 as the solvent. Elemental analyses were carried out on a Perkin Elmer 2400II elemental analyzer. The progress of reactions was monitored by thin-layer chromatography (TLC) on silica gel GF254 using ethyl acetate/petroleum ether (2:1) as eluent. 
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Scheme 1 Synthesis of 2-styrylquinoline-3-carboxylate derivatives.
General procedure for the preparation of (E)-4-phenyl-2-(aryl/hetarylvinyl)quinoline-3-carboxylic acid derivatives 3a-p
A solution of ethyl 2-(chloromethyl)-4-phenylquinoline-3-carboxylate (1, 0.33 g, 1 mmol) in triethyl phosphate (5 mL) was stirred at 160°C for about 1.2 h and then concentrated under reduced pressure. The residue was treated with a solution of an aromatic or heteroaromatic aldehyde (1.1 mmol) in DMF (5 mL) followed by addition of NaH (0.026 g, 1.1 mmol). The mixture was stirred at room temperature for 1 h and then at 90°C for 1.5 h. After completion of the reaction (TLC), 5% aqueous solution of sodium hydroxide (5 mL) was added and the mixture was stirred under reflux for an additional 2 h. After cooling to room temperature followed by acidification with 1 m hydrochloric acid, the precipitated crude product was crystallized from ethanol to give compound 3a-p. (E)-4-phenyl-2-(2,4,5-trimethoxystyryl) (E)-4-phenyl-2-(2-(pyridin-3-yl)vinyl)quinoline-3-carboxylic 
(E)-2-(4-bromostyryl)-4-phenylquinoline-3-carboxylic acid (3j)

